Purified coronavirus, detergent extracts of purified coronavirus, and virusinfected Madin-Darby bovine kidney cells were evaluated as antigen substrates in enzyme-linked immunosorbent assay (ELISA) and passive hemagglutination systems. Only detergent-extracted and -unextracted, purified viruses were reactive as antigen substrates in ELISA, whereas all three antigen preparations could be used for sensitization of erythrocytes in the passive hemagglutination assay. The passive hemagglutination system with infected cell extracts exhibited a similar level of sensitivity and specificity to the ELISA system employing purified coronavirus but enabled 300 times more tests to be performed per volume of virusinfected cell culture.
Coronaviruses have been associated with diarrhea in a wide variety of mammals and have been isolated from clinically ill calves (3, 10) , sheep (12) , pigs (5, 13, 18) , foals (1), dogs (2), cats (6) , mice (15, 17) , and humans (4), as well as from turkeys with enteritis (11) . Experimentally, coronavirus infections of calves cause a severe enteritis with involvement of the small and large intestines (9) , and preliminary serological investigation has revealed that bovine enteric coronavirus is widespread in western Canada and may, therefore, be an important pathogen (14) .
Successful serological screening programs require a simple, rapid, sensitive, and inexpensive assay method, and the introduction of enzymelinked immunosorbent assay (ELISA) systems in recent years has fulfilled this need, enabling sero-epidemiological studies on a variety of pathogens.
An alternative assay method, passive hemagglutination (PHA), has been used for serodiagnosis of a wide variety of microbial infections but to date has not been evaluated for coronaviruses. This paper describes a comparison of these two methods for the detection of antibody against bovine enteric coronavirus and evaluates different antigen preparations for use in each system. Preparation of antigen substrates. Infected cell extracts were prepared by pelleting cells from the tissue culture fluid at 2,000 x g for 20 min (MSE chilspin) and adding this back to the remaining adherent cells previously removed from the flask by scraping into a small volume of PBS with a rubber policeman. The infected cells were washed three times, suspended in 1 ml of PBS per 150-cm2 flask, extracted with 0.5% Nonidet P-40 (NP-40), and stored at -70°C.
Purified virus (approximately 1.5 x 109 PFU) was prepared from tissue culture flasks (6 by 150 cm2) by subjecting the cultures to three cycles of freezing and thawing and by clarifying the tissue culture fluid by centrifugation at 3,500 x g for 20 min. Virus that was present in the supernatant fluid was pelleted at 54,500
x g for 4 h (Beckman L5-65) and suspended in 1 to 2 ml of TNE buffer (0.05 M Tris-hydrochloride, 0.1 M NaCl, and 1 mM EDTA), pH 7.6. This suspension was carefully layered onto 30 ml of a 20 to 60% (wt/vol) linear sucrose gradient prepared in TNE buffer and centrifuged at 81,500 X g for 2 h. The visible virus band was collected and diluted in PBS, and the virus was pelleted at 54,500 x g for 4 h. This pellet was suspended in 1 ml of PBS and stored at -70°C. Whenever necessary, the purified virus was extracted with 0.5% Control antigens were prepared from mock-infected cells by the methods described above.
Preparation 
RESULTS
Microtiter plates and TRBCs were each sensitized with a range of dilutions of the different antigen preparations. Titrations of standard positive and negative sera were then tested on several occasions for reactivity in both systems to determine the dilution of each antigen preparation which gave maximum sensitivity and specificity in ELISA and PHA. Table 1 shows a typical set of results. Preliminary experiments indicated that washing plates with distilled water was as effective as using either saline or PBS with or without Tween 20.
There was no difference in the sensitivity or specificity of TRBCs optimally sensitized with each of the three antigen preparations and reacted with standard positive or negative antisera. The concentration of NP-40-extracted preparations necessary for optimal sensitization of TRBCs was, however, 10-fold lower than the concentration of purified virus. In contrast, similar concentrations of all three antigen preparations proved optimal for sensitization of ELISA plates. Sensitizing plates with purified virus, however, provided a considerable increase in sensitivity of the ELISA system with no loss of specificity. Purified virus was, therefore, used as antigen substrate for further ELISA studies, whereas the NP-40 extract of virus-infected Madin-Darby bovine kidney cells was used for sensitization of TRBCs.
The reproducibility of each assay system was evaluated by testing three sera in a fourfold dilution series a minimum of five times on separate occasions. The log1o mean titers of the three Fifty-two sera and 92 whey samples from naturally infected cows were screened for anticoronavirus activity with 10-fold dilutions (Fig.  1) in the ELISA and PHA systems described above. Parallel PHA tests were performed on whey samples, with tanned, nonsensitized TRBCs used as controls for nonspecific hemagglutination. In 11 of the 92 whey samples tested, the specific endpoint was masked by nonspecific agglutination. The results in Fig. 1 4-o_ 3 > yield 1 ml of purified virus, which would be sufficient for 480 ELISA tests. In contrast, the yield of infected cell extract from the same number of flasks would be sufficient for 153,600 PHA tests. Another advantage of PHA over ELISA is its rapidity; PHA can be read after 30 min, whereas ELISA requires a minimum of 150 min. The major disadvantage of PHA is the nonspecific agglutination found with certain whey samples; however, this can be readily detected by the use of tanned, nonsensitized control cells and therefore remains a problem only with whey samples possessing a low titer of specific antibody. Both of these assay systems are suitable for the screening or titration of large numbers of samples; however, the economy and speed of the PHA test suggests that this is the method of choice. The rapid decline in the level of milk antibody after parturition has been previously reported for coronavirus antibody (14) , and a similar situation is also found with rotavirus (20) . This may explain the prevalence of such infections in neonatal calves, since these declining levels of antibody in milk would be insufficient to protect against the repeated high-challenge doses to which calves would be exposed under natural conditions.
